Carney triad, as originally described in 1977, was the association of 3 tumors: gastric epithelioid leiomyosarcoma [later renamed gastrointestinal stromal tumor (GIST)], extraadrenal paraganglioma, and pulmonary chondroma. The disorder affected mostly young women and was not familial. We studied the clinical and pathologic features of the gastric neoplasm in 104 patients with the syndrome. Most (88%) were young women (mean age, 22 y), and the usual presentation was gastric bleeding. The tumors, commonly antral-based (61%), were multifocal, and ranged from 0.2 to 18.0 cm in dimension. Most (86%) featured round and polygonal (epithelioid) cells. Metastasis occurred in 49 patients (47%): to gastric lymph nodes (29%), liver (25%), and peritoneum (13%). Immunopositivity was detected in the tumors tested as follows: KIT, 100%; CD34, 75%; PKCy, 21%; PDGFRA, 90%; and smooth muscle actin, 6%. Fourteen patients (13%) died of metastatic GIST at a mean age of 45 years (range, 30 to 69 y). Estimated 10 and 40-year survivals were 100% and 73%, respectively. Median survival time was 26.5 years (range, 16 to 60 y). There was no correlation between the National Institutes of Health tumor risk classification and the tumor behavior. Compared with sporadic gastric GISTs, the gastric stromal tumor in Carney triad showed distinctive features: female predilection, young patient age, epithelioid cell predominance, multifocality, frequent lymph node metastasis, serial tumor occurrence, and unpredictable behavior. Thus, the Carney triad gastric stromal tumor is different clinically, pathologically, and behaviorally from sporadic gastric GIST.
(62%), 1 or more sections of formalin-fixed, paraffinembedded, hematoxylin and eosin-stained gastric tumor were available; a variable number of unstained slides were obtained for 61 of these.
The low-power, intermediate-power, and highpower microscopic findings including tumor location within the stomach wall, encapsulation, architecture, mucosal ulceration, tumor necrosis, and angiolymphatic invasion were recorded. Evaluation of nuclear features included size, shape and chromaticity, intracellular location, and, multinucleation. Mitotic activity in the neoplasms was counted in 50 consecutive contiguous high-power microscopic fields (HPFs) from a randomly selected area of tumor. Tumor cellularity was defined arbitrarily as the ratio of the area of the tumor occupied by neoplastic cells to that of the tumor occupied by stroma. Lesions composed predominantly of cells with scant stroma were recorded as having high cellularity; those with easily identifiable collagen or myxoid stroma were listed as having low or moderate cellularity. The tumor cell type was recorded as epithelioid when more than 90% of the cells were round or polygonal, as spindle when more than 90% of the cells were spindle, and mixed epithelioid and spindle when the minor component exceeded 10% of the tumor cells. The tumors were subclassified according to the scheme of Miettinen et al. 54 National Institutes of Health consensus criteria 28 were applied to 37 tumors for which histologic sections and tumor size were available. The criteria separated the lesions into 4 categories: (1) very low risk (<2 cm,<5 mitoses/ 50 HPFs; (2) low risk (2 to 5 cm, <5 mitoses/50 HPFs); (3) intermediate risk (5 to 10 cm, <5 mitoses/50 HPFs); and (4) high risk (5 to 10 cm and >5 mitoses/50 HPFs or >10 cm, regardless of mitotic count, or >10 mitoses/50 HPFs, regardless of tumor size).
Immunohistochemical staining was carried out on a subset of the tumors (the number of unstained slides varied among the cases). After antigen retrieval (steam EDTA), these antibodies were applied to the sections of tumor with standard techniques, including staining of positive and negative control sections: (1) mouse monoclonal antibodies against CD34 (dilution 1/100; Becton Dickinson, Franklin Lakes, NJ), PKCy (dilution 1/200; BD Pharmigen, San Diego, CA), smooth muscle actin (dilution 1/100; Dako, Carpinteria, CA), and desmin (dilution 1/100; Novocastra, Leica Microsystems Inc, Bannockburn, IL), and (2) rabbit polyclonal antibodies against KIT (dilution 1/100; Dako,), S100 (dilution 1/100; Dako), and PDGFRA (dilution 1/50; Fitzgerald Industries International, Concord, MA).
Treatment
The neoplasms were all initially treated surgically. The procedures included 1 or more segmental tumor excisions (17 patients), subtotal gastrectomy (64 patients), and total gastrectomy (17 patients) . Fifty patients (48%) had more than 1 gastric operation. One patient had 8 abdominal operations, including second-look procedures. The tumors were found at autopsy in 2 patients. Twenty-seven patients who initially had segmental excision or subtotal gastrectomy later underwent completion gastrectomy for serial tumor development. Thirteen patients received adjuvant treatment (chemotherapy, radiotherapy, hyperthermia, or interferon, alone or in various combinations). Another 16 patients were treated with imatinib mesylate (Gleevec; Novartis, East Hanover, NJ), 200 to 800 mg daily, for up to 4 years. Some liver metastases were treated by excision, hepatic lobectomy, chemoembolization, or radiofrequency ablation; 1 patient underwent hepatic transplant. 13 
Follow-up
Follow-up was obtained from Mayo Clinic records and physician or patient contact. Length of follow-up was calculated from the date of the first gastric surgery to the date of the latest contact.
RESULTS

Clinical Features
The patients were 92 females (88%) and 12 (12%) males whose ages at their first gastric operation ranged from 6 to 53 years (mean, 22 y; median, 18 y). Of the 5 neoplasms comprising the syndrome, 1 patient had all of 5 tumors identified pathologically or radiographically; 5 patients had 4; 45 patients had 3; and 54 patients had 2 (Table 1) . No patient had a similarly affected relative. One patient had an unaffected identical twin. Several patients had other tumors, including mammary carcinoma (4 patients), gastric adenocarcinoma (2 patients and probably a third), renal cell carcinoma (2 patients), renal angiomyolipoma (1 patient), hyperparathyroidism (2 patients), and colonic adenocarcinoma (1 patient). Other disorders in the group were arthritis (4 patients), nephrolithiasis (3 patients), branchial cleft cyst (3 patients), bony exostosis (2 patients), colonic inertia (2 patients), and bilateral congenital ear deformity (1 patient, the index patient to the triad).
The presenting sign or symptom in 77 patients (74%) was bleeding from ulceration of the gastric tumors that resulted in 1 or more of the following: anemia, melena, hematemesis, and acute abdominal symptoms (owing to tumor rupture and hemoperitoneum). Occasional patients were asymptomatic and had a lesion that was palpated by the patient or a physician (4 patients), found during laparotomy performed for nongastric reasons (1 patient), or discovered at autopsy (2 patients). One or more calcified pulmonary tumors were the first manifestation of the triad in 10 asymptomatic patients. Hypertension or an indeterminate mass (paraganglioma) was the initial manifestation in another 10.
Gross Pathology
Multiple stomach tumors were found in each patient. In 1 patient who had a single tumor at age 9 years, a second tumor developed at the age of 32 years. The tumors ranged in size from 0.2 to 18.0 cm (mean, 6.3 cm). They were circumscribed and infrequently encapsulated. Often juxtaposed or forming an agglomerated mass, they also occurred separately. Most were antralbased and adjacent to the lesser gastric curvature (63 patients; 61%) ( Fig. 1 ), but they occurred throughout the stomach. The neoplasms were intramural and expanded the stomach wall, creating broad-based polypoid protrusions into the gastric lumen or bulging masses from the serosal surface or both. The intraluminal protrusions were covered by flattened mucosa that was sometimes ulcerated; the protruding serosal masses typically had secondary and small tertiary tumor excrescences. Some serosal tumors, attached to the stomach by a narrow pedicle or a broad base, were not visible endoscopically. There was no direct invasion of extragastric structures by the tumors.
Most of the neoplasms were round or oval, but some were molded by adjacent tumors. Consistency ranged from soft to hard and occasionally the tumors felt gritty during cutting. The sectioned surface bulged and ranged from solid to cystic, with spaces containing hemorrhagic fluid, or grumous or friable material. The various colors included fish-flesh, pinkish tan, gray, grayish yellow, purple, and blue; the appearance was often altered by hemorrhage. Most of the tumors had delicate internal lobulation.
Scattered sessile mucosal polyps, up to 25 mm in diameter, were present in 20 cases (19%). For one patient, 11 in which the stromal tumor was exophytic and did not involve the mucosa, the pathology report described soft, sessile, polypoid, edematous, and somewhat villous antral lesions that measured 2 to 3 cm.
Adenocarcinoma developed in the gastric remnant in 2 patients 39 and 40 years, respectively, after subtotal gastrectomy. 
Light Microscopy
At low-power microscopy, the cells were arranged in variably shaped but generally round unencapsulated masses surrounded or separated by smooth muscle or hypocellular fibrous tissue (Fig. 2) . The neoplasms distended the muscularis propria and ballooned into the submucosa or mushroomed from the serosa or both. Most of the neoplasms (86%) were hypercellular and composed almost entirely of tumor cells with minimal supporting stroma and vasculature. Linear dystrophic calcification occurred in the fibrous capsule of the occasional encapsulated tumor.
Architecture
The cells were arranged in sheets, clusters, and fascicles. The sheets had a uniform or haphazard arrangement of the cells; fluid accumulation sometimes caused vague or distinct palisading, undulating ribboning, or pseudotrabecular arrangement. The cell clusters were usually small and tight, closely apposed with little stroma separating them, and readily apparent to indistinct. The spindle cell fascicles occasionally had an interlacing pattern.
The neoplasms had a pushing border ( Figs. 2A, B ) and usually abutted directly on surrounding tissue. They showed little tendency to infiltrate. Sixty-three tumors (61%) had gross or microscopic ulceration of the overlying mucosa; invasion of the lamina propria mucosa was present in 20 (19%). Necrosis was present in 8 tumors (8%). Angiolymphatic invasion was detected in 2 tumors. There was no hyperplasia of the interstitial cells of Cajal, the pacemaker cells of the gut. 9, 41 
Cells
The medium to small-sized eosinophilic tumor cells ( Fig. 3) were poorly outlined and variably shaped, polygonal, round, and spindle. On the basis of the cell shape, the tumors were classified as epithelioid (polygonal and round cells) (68%), spindle (18%), or mixed FIGURE 2. Panoramic and low-power microscopic appearance of gastric stromal tumors. A, The partly encapsulated, patternless tumor occupied the submucosa and the muscularis propria, in which residual bands of smooth muscle were preserved. The lesion penetrated into the mucosa and externally formed a small serosal expansion. The overlying mucosa showed patchy edema, foveolar hyperplasia, and vascular ectasia (arrow). B, A coarsely lobulated tumor with residual smooth muscle bands and a nodular pattern expanded the submucosa. Superficially, it was circumscribed and still confined within the muscularis propria. A mucosal lymphoid aggregate was present (arrow). epithelioid and spindle (14%). In 1 patient, 5 separate tumors were sampled: 4 were epithelioid, and 1 was mixed epithelioid and spindle. Hypercellularity was a striking feature of most tumors (86%). With the subclassification criteria used by Miettinen et al, 54 44 of 65 tumors (68%) were entirely or predominantly hypercellular and epithelioid; 8 additional tumors had a minor hypercellular epithelioid component [this pattern was rare in the Armed Forces Institute of Pathology series, in which only 78 of 1242 tumors (6%) were classified as this type]. Twelve tumors (18%) in this study group had a major hypercellular spindle cell component, and an additional 15 neoplasms had a minor one (this pattern was also uncommon in the AFIP series in which 139 of 1242 tumors 11% had this pattern). The 2 most common patterns in the AFIP series, the palisading and vacuolating spindle cell pattern (21%) and the sclerosing epithelioid pattern (22%), were rare in our study group: the former pattern occurred in pure form in only 1 tumor and as a minor component in 5, and the sclerosing epithelioid pattern was seen as a minor pattern in 1 tumor and in pure form in none.
Nuclei
The vesicular nuclei were uniform, small and medium in size, round, oval, irregular or spindle in shape, and sometimes indented or folded ( Fig. 3 ). They were located centrally or eccentrically in the cells. The chromatin had a speckled appearance. The nucleolus was single and small. There was an occasional intranuclear vacuole. Binucleation was common and multinucleation was seen occasionally. The mitotic count ranged from 0 to 14 mitoses/50 HPFs (median, 3 mitoses/50 HPFs); 75% of cases had 5 or fewer mitoses/50 HPFs. Atypical mitotic figures were present in a few tumors. Nuclear atypicality (variation in nuclear size, shape, or chromaticity) was marked in 25% of the tumors and moderate in 40% of the lesions. Giant bizarre nuclei occurred in a few cases.
Other Findings
Intratumoral hemorrhage was common. Degenerative changes were infrequent. Edema, hyalinization, and necrosis occurred occasionally. There was no intratumoral calcification. An occasional serosal tumor had a hypocellular cavernous hemangioma-like appearance.
Immunohistochemical Profile
The results are summarized in Table 2 and illustrated in Figure 4 . The KIT positivity (100%) was usually membranous and diffuse, and strong (77%); in the remaining cases, it was membranous. Cytoplasmic staining for CD34 was diffuse and strong, rarely involving less than 50% of the cells. PKCy showed similar staining. Staining for PDGFRA was present in 90% of the tumors tested and was cytoplasmic, weak to moderate; nuclear staining was present in 5 of 21 cases (24%). Three tumors had focal smooth muscle actin positivity. There was no staining for S100, desmin, or neurofilament. One patient had a 3 cm leiomyoma in the cardia (positive for actin and desmin, and negative for KIT and CD34). Tumor Risk Classification Based on the tumor size and mitotic activity, the risk of recurrence or metastasis was determined to be very low in 1 case, low in 13 cases, intermediate in 12 cases, and high in 11 cases. There was no correlation of the assessed risk with subsequent development of metastasis, tumor recurrence, or tumor-specific death. In the patient who had a very low-risk tumor, new gastric stromal tumors, and metastasis developed. Serial tumor development was associated with 13 low-risk tumors (62%), 6 of 12 intermediate-risk tumors (50%), and 4 of 11 high-risk tumors (36%). Among the 6 patients who died of the tumor, the lesions were low-risk in 3, intermediate-risk in 1, and high-risk in 2.
Metastasis
Histologically confirmed stromal tumor metastasis was found at primary surgery in 28 patients (27%): metastasis was to lesser curvature lymph nodes (n = 15), liver (n = 14), and peritoneum (n = 8). Subsequently, metastasis developed in an additional 21 patients. The sites of metastasis at primary and subsequent abdominal operations were lymph nodes (30 cases), liver 26 (cases), and peritoneum and omentum (14 cases). Fifty-seven lymph nodes contained tumor metastasis ( Fig. 5 ) at primary or secondary gastric surgery. Thirteen patients had metastasis to 1 or more lymph nodes only, which were usually located on the lesser gastric curvature. One hundred and sixty-two lymph nodes from 55 other patients were free of metastasis. Extra-abdominal metastasis occurred in 5 patients.
Follow-up
Follow-up ranged from 1 to 60 years (mean, 22.3 y; median, 21 y). Only 6 patients had less than 5 years of follow-up. Seventy-seven patients (74%) were alive at the last follow-up, 1 to 60 years after first detection of a gastric tumor. Twenty-five patients (24%) had metastatic or residual gastric stromal tumor. Fifty-nine patients had pulmonary chondromas, and 6 had primary or metastatic paraganglioma. In 17 of 80 patients (21%) who initially underwent subtotal gastric resection, 1 or more new stromal tumors developed in the gastric remnant requiring 1 or more additional operations. The mean interval between primary and secondary surgery was 10.3 years (median, 8 y; range, 0.5 to 46 y). The median number of new tumor episodes was 2 (maximum, 6). Twenty-six patients (25%) were dead: 14 (13%) died of metastatic or residual gastric stromal tumor at a mean age of 45 years (range, 30 to 69 y; the 3 youngest deceased patients were aged 30, 31, and 32 y). One patient died of complications of abdominal radiotherapy for the gastric stromal tumor. The median survival time after the first gastric surgery was 26.5 years (range, 16 to 60 y). The estimated stromal tumor-specific survival rates (95% confidence interval, number still at risk were as follows: at 10 y (100%), 100% to 100%, 81); at 20 years, 92.9% (86.3% to 99.9%, 51); at 30 years, 77.6% (66.0% to 91.4%, 28); and at 40 years, 73.3% (60.2% to 89.4%, 13). Other causes of death in the group were paraganglioma (5 patients), gastric adenocarcinoma (1 patient and probably a second), colonic adenocarcinoma (1 patient), and unrelated conditions (4 patients).
Twenty-four patients were alive with metastatic gastric stromal tumor: metastasis was to the liver (10 patients), to liver and peritoneum (9 patients), and peritoneum (5 patients). One patient had residual gastric tumor. Twenty-five patients were alive without known gastric stromal tumor. Sixteen patients were treated with imatinib mesylate; there was no tumor response in 10 (62%) and a minor, partial, or questionable response in the remainder.
Gastric Mucosal Lesions
Gastric mucosa was available for study in 52 cases. Three types of lesion were encountered: lymphoid aggregates (34 cases), benign polyps (19 cases), and adenocarcinoma (2 cases and probably a third).
The mucosal lymphoid aggregates (Figs. 2B, 6B, D) were single and scattered deep in an otherwise normal mucosa impinging on and sometimes extending into the muscularis mucosae and submucosa. Germinal centers were common. The aggregates were not associated with Helicobacter pylori organisms, active chronic gastritis, or lymphocytic gastritis.
The polyps (Figs. 6A-C) measured 1 to 25 mm and were multiple and sessile and located throughout the mucosa but mostly in the proximal stomach. They included hyperplastic (most frequent), fundic gland, and indeterminate types. None had dysplastic features.
The 2 histologically proven carcinomas occurred in women, aged 50 and 67 years. The tumors were discovered 39 and 57 years after subtotal gastrectomy.
Esophageal and Duodenal Lesions
Sixteen patients (15%) had 1 or more asymptomatic esophageal leiomyomas, ranging in diameter from 4 mm to 2 cm. One of them also had a 1.5 cm esophageal stromal tumor. One patient had an esophageal carcinoid tumor.
Fifteen patients (14%) had duodenal lesions: small stromal tumors (4 patients), mucosal lymphoid aggregates (4 patients, abundant in 1), interstitial cell of Cajal hyperplasia (1 patient), 59 direct extension of gastric stromal tumor into the duodenum (1 patient), and other or indeterminate lesions (5 patients).
DISCUSSION
Carney triad is 1 of the several syndromes that feature gastric stromal tumors as a major component ( Table 3 ). Features of the triad neoplasm include occurrence at a young age, female predilection, tumor multifocality, slow growth, frequent metastasis (often to lymph nodes), lack of response to imatinib therapy, and sometimes a fatal outcome. Features of the usual sporadic gastric stromal tumor (GIST) include occurrence in older patients (>50 y), equal sex distribution, single tumor occurrence, very infrequent metastasis and not to lymph nodes, generally favorable response to imatinib therapy, and usually a benign natural history with infrequent mortality. 54 Further comparison of the clinical, pathologic, behavioral, and molecular genetic features of the triad and the sporadic tumors showed that they were virtually all different (Table 4 ), although the tumors likely share FIGURE 6. Gastric mucosal lesions in cases of gastric stromal tumor. A, Two small sessile polyps are in the gastric cardia (arrows). B, Cystic fundic gland polyp featured proliferated fundic glands, several of which are dilated. C, Proliferated foveolar cells created a hyperplastic mucosal polyp. D, Lymphoid aggregates extended into and through the thickened muscularis mucosa covering a circumscribed stromal tumor. a common ICC lineage; the similarities were limited to cell shape (spindle and epithelioid) and KIT and CD34 immunopositivity. The differences between the neoplasms were so many and of such a nature that it was difficult to avoid concluding that they were in fact different neoplasms. Because of the differences, we believe that it is now inappropriate and misleading to label the triad tumor simply as GIST. A different title is needed for it because of its special properties.
In the 1940s and 1950s, most spindle cell tumors of the gut were interpreted as leiomyomas or leiomyosarcomas. 1 In 1962, Martin et al 45 described intramural gastric tumors that had groups and cords of large round and oval cells with clear cytoplasm lacking myofibrils. Shortly afterward, Stout 70 studied 69 tumors with these features and concluded that the terms leiomyoma and leiomyosarcoma were incorrect for them; in their stead, he offered leiomyoblastoma and malignant leiomyoblastoma.
In 1969, Enzinger et al 27 introduced the descriptor ''epithelioid'' for the tumors in recognition of the round and oval shape of their cells. Later, Appleman and Helwig 8 adopted this terminology in a major article entitled ''Epithelioid leiomyoma and leiomyosarcoma (leiomyoblastoma).'' This was the nomenclature in use when the triad was first reported in 1977. 18 In 1983, Mazur and Clark 48 examined the ultrastructure of 28 gastric tumors classified as leiomyomas or leiomyosarcomas and found myofilaments in only 2, leading them to conclude that the majority of the neoplasms had not arisen in smooth muscle. In 1987, Saul et al 63 introduced the title GIST as an umbrella term for spindle and epithelioid cell tumors distributed throughout the entire gut. The use of the term GIST for stromal lesions throughout the gut (and elsewhere) has resulted in the inevitable use of the tautologic terms gastric GIST and small intestinal GIST. 42 Indeed, the title of this article refers to ''gastric gastrointestinal stromal tumors.'' GIST is a useful umbrella term for all the stromal tumors of the gut. However, it seems inappropriate to apply it to retroperitoneal and omental, 51 and other extraintestinal stromal tumors. Furthermore, it is preferable to refer to gut stromal tumors by their anatomic location because the tumors have location-dependent characteristics, behavior, and associations.
As has already been indicated (Table 4 ), the features of the gastric tumors in the triad differed significantly from those of sporadic GISTs. Metastasis, a cardinal feature of malignancy, was found at primary surgery in a quarter of the triad patients. This behavior may have been at least partly attributable to tumor size (mean diameter, 6.3 cm). Surprisingly, the neoplasms were generally circumscribed and showed little local or lymphovascular invasion. This natural history, culminating in fatal metastasis for a substantial number of patients, indicated that the stromal tumors under study were malignant mesenchymal neoplasms. As the accepted general term for such tumors is sarcoma, we believe that the designation gastric stromal sarcoma is more accurate and the appropriate title for the gastric neoplasm in the triad.
The behavior of the metastases was unpredictable: some exhibited little or no progression (patients had hepatic and disseminated peritoneal metastases for up to 30 y without symptoms); others progressed rapidly and proved fatal. As an illustration of indolent behavior, a recent follow-up note on a patient (now aged 37 y) who had 6 abdominal operations for gastric tumor recurrence and liver and peritoneal metastases, starting at age 13, stated that ''she looked and was feeling extremely well'' and that ''previously noted abnormal areas in her abdomen (by computed tomography examination) had not enlarged and cystic lesions near her liver had reduced in number,'' and that ''there was no evidence of tumor progression.'' By comparison, the neoplasm had a progressive course in some patients, leading to the death of several in their early 30s. Presumably, some of the surviving patients with metastases will eventually die of the tumor.
Other differences between the triad and sporadic stromal gastric tumors deserve comment: the young age of the patients with the gastric stromal sarcoma (this term is used henceforth in this article to refer to the triad gastric tumors), tumor multifocality, lymph node metastasis, lack of response to imatinib therapy, the presence of mucosal lesions, and the molecular characteristics. The median age at detection of the gastric stromal sarcomas was 18 years; the youngest patient was aged 6 years. Two patients presented with bilateral leg lymphedema, one as a ''child'' and the other at age 12, suggesting that the gastric sarcomas had already spread at an early age. The sarcoma probably arose in many instances in the first decade of life and might even have been congenital; a lung lesion (likely a chondroma) was detected in 1 patient at 18 months of age.
In connection with multifocality, Miettinen et al 54 made no mention of multiple and serial GIST development in a study of 1765 gastric GISTs. Rubin 61 indicated that sporadic gastric GIST usually occurred as a single neoplasm. However, sporadic multifocal gastric GISTs have been reported in a small number of patients. Agaimy and Wu¨nch 2 described 43 minute sclerosing stromal tumors in 35 patients; thus, 1 or more of the group had more than 1 tumor; interestingly, all these neoplasms occurred in the proximal stomach, none in the antrum, as is usually the case in the triad. Haller et al 32 studied 4 patients who each had a clinically apparent gastric GIST and 1 to 3 similar incidental tumors.
More recently, Agaimy et al 4 reported 27 GISTs in 11 patients (mean age, 75 y). The tumors were located in the gastric body and fundus and generally small (mean diameter, 9 mm). Microscopically, they were uniformly spindle celled and the majority had KIT mutations. Thus, it seems that sporadic gastric GIST is rarely multifocal and in these circumstances spindle celled. Elderly patients with multiple tumors are unlikely to show other components of the triad or a GIST-related syndrome. GIST may rarely be multicentric with primary tumors in 2 of these locations: stomach, small intestine, omentum, and peritoneum. 30, 51 Mesenchymal neoplasms rarely metastasize to lymph nodes. 29 In a study of a large number of patients with sarcoma, nodal metastasis was found in 46 of 1772 patients (2.6%), usually from angiosarcoma, embryonal rhabdomyosarcoma, or epithelioid sarcoma. We found lymph node metastasis in approximately one-third of patients with gastric stromal sarcoma. Rubin 61 stated that gastric GIST metastasized to lymph nodes in <1% of cases. Miettinen and Lasota 52 indicated that nodal dissection was not necessary for GISTs because the tumor did not metastasize to lymph nodes, and later a detailed review 54 of 1765 gastric GISTs made no mention of lymph node metastasis. More recently, Miettinen et al 53 studied 44 cases of gastric GISTs in children and young adults and did not encounter lymph node metastasis.
However, lymph node metastasis has been reported in a few children and young adults with multifocal gastric tumors 3,60,64 and in 2 adults, 1 with multifocal tumor. 72 The findings in these reports and in our study indicate that lesser curvature and other regional nodes should be examined in all patients with multiple gastric stromal tumors. Further clinical examination and investigation and follow-up of these patients may reveal other components of the triad; the mean interval between the detection of the first and second component of the syndrome was 8.4 years; the 3 longest intervals between development of the components were 21, 24, 25, and 26 years. 15 Even if a second component tumor of the triad never develops in the patients with lymph node metastasis, it is still possible that they have the disorder incompletely expressed. Gastric stromal sarcoma lymph node involvement however is not limited to the triad. We found lymph node metastasis in 3 of 5 patients with the familial paraganglioma-gastric stromal sarcoma syndrome (Carney-Stratakis syndrome). 16, 49 Thus, gastric GIST lymph node metastasis may indicate of a syndrome-related neoplasm.
The agent imatinib mesylate (formerly known as STI571) (Gleevec in the United States, Novartis Corp; Glivec in Europe, Novartis International A6, Basel, Switzerland) has proved to have a dramatically positive effect on sporadic gastric GIST and its metastases. 24, 39 It was ineffective in 1 reported triad patient 26 and ineffective or equivocally effective in 16 patients in our study suggesting that the 2 tumors develop through different mechanisms.
A series of gastric mucosal lesions-lymphoid aggregates, polyps, and adenocarcinomas-was an unexpected finding in a study of intramural gastric tumors. The frequent, isolated mucosal lymphoid aggregates, sometimes with germinal centers, are unexplained. These aggregates are very rarely seen in normal mucosa 56 ; most authors state that they do not occur. The aggregates are a well-known clue to Helicobacter pylori infection, but Helicobacter organisms were not seen in our specimens. Nor were the findings those of lymphocytic gastritis. 76 The aggregates are obviously unrelated to the prominent peripheral lymphoid cuff and intratumoral lymphocytes characteristic of gastric schwannoma. 22 The presence of gastric mucosal thickenings without further amplification was mentioned in the description of the original group of Mayo Clinic patients with the triad. 14 In this study, we found cystic fundic or hyperplastic polyps or both in one-fifth of the patients. One patient with the triad reportedly had juvenile gastric polyposis. 34 Cystic fundic gland polyps have been described in several syndromes, including the Peutz-Jegher syndrome (familial adenomatous polyposis), Cowden disease, and Gardner syndrome. 69 The triad should be added to this list.
The significance of the occurrence of 2 cases of gastric adenocarcinoma among the 64 patients who underwent subtotal gastrectomy is unknown. Schafer et al 66 concluded that there was no increased risk of developing gastric cancer after subtotal gastrectomy. In contrast, Tersmette et al 73 concluded that there was up to a four-fold to five-fold increase in risk after the operation.
Finally, molecular genetic studies of tumors from 37 patients included in this study 20, 26, 71 did not show the coding sequence abnormalities of the KIT and PDGFRA genes in triad stromal sarcomas that occur in sporadic gastric GISTs. Additionally, there were no coding sequence abnormalities in the SDHB, SDHC, and SDHD genes that are involved in the pathogenesis of familial paragangliomas. Comparative genomic hybridization has shown frequent deletion of the 1 cen-q21 chromosomal region, a locus that involves the SDHC gene. 46 Other chromosomal abnormalities found included loss of the 1p region.
In 1977, when first presented, the triad seemed a bizarre clinical and pathologic puzzle, destined to become a medical curiosity because of its rarity and failure to conform to the pattern of the known multicentric tumor syndromes. But the odd features of the syndrome bespoke a molecular explanation that is being assiduously sought today.
